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1 Goal and scope

The goal and scope of the LCC conducted in scope of Task 4 same as those defined for the LCA.
Accordingly, the declared unit is the production of one tonne of an intermediate steel product placed
on the European market, considering both the consumption of EU-produced steel and imports from
outside the EU. For each representative product, the analysis considers both EU and extra-EU
(imported) production, as well as two distinct technological routes: (1) BOF (Blast Oxygen Furnace)
and (2) EAF (Electric Arc Furnace), as shown in Table 1.

Consistent with the LCA, the LCC adopts a cradle-to-gate perspective. This approach covers all
processes from raw material extraction (“cradle”) to the point where the final product is ready to
enter the market (“gate”). The analysis therefore reflects a producer’s perspective, capturing all
production costs required to deliver the product to the market frontier.

The reference year for the analysis is 2022, and all cost figures refer to that year.

Table 1: Market and technology distribution of the representative products assessed in this report

REPRESENTATIVE SHARE BY MARKET SHARE
PRODUCT REGION RECHNOLOGY TECHNOLOGY BY REGION
EU BOF 95%
82%
EU EAF 5%
Hot rolled coil
Import BOF 93%
18%
Import EAF 8%
EU BOF 35%
87%
EU EAF 65%
Wire Rod
Import BOF 65%
13%
Import EAF 35%
EU BOF 96%
87%
EU EAF 4%
Cold Rolled Coil Galvanized
Import BOF 96%
13%
Import EAF 4%
EU BOF 0%
75%
EU EAF 100%
Stainless steel
Import BOF 0%
25%
Import EAF 100%
EU BOF 100%
82%
Electrical steel EU EAF 0%
Import BOF 100%
18%
Import EAF 0%

Source: JRC



2 LCC methodology

The assessment includes two complementary approaches: an Environmental Life Cycle Costing
(eLCC) analysis and a Full Environmental Life Cycle Costing (feLCC) analysis. The key distinction
between them is that:

e elLCCis a financial assessment that includes all internal production costs! and fully
internalised environmental costs (e.g. carbon costs).

e felCCis a welfare-economic assessment that additionally incorporates external
environmental costs, monetised through shadow prices. These external costs account for
environmental emissions but exclude environmental taxes and subsidies.

The cost structure of both LCC is primary based on CRU cost data. The only CAPEX considered within

CRU database is sustaining capital (see Table 2).

Sustaining capital refers to the expenditure required to maintain existing operations and ensure produc-
tion remains at current levels. It supports the smooth continuation of operations but excludes costs
associated with capacity expansion or new projects. Since this assessment is based on a short-term
perspective, sustaining capital is used as a proxy for Capex, under the assumption of a stable production

environment with minimal expansion activities.

Within OPEX, CRU distinguishes between raw materials, variable conversion costs, and semi-fixed
conversion costs.

Raw material costs include the cost of intermediate products used before the final production stage (e.g.,
the cost of billets when calculating the cost of producing wire rod) as well as interest on working capital.
The latter reflects the opportunity cost of carrying raw materials and work in progress, net of any credit

received (CRU Group, 2022).

Variable conversion costs include the yield cost, as well as consumables such as electricity, gas, oil,
steam, refractories, and by-product credits (e.g., credits for scrap generated in hot rolled coil (HRC) rolling
or process gas produced during coke-making). The yield cost refers to the additional cost incurred due to
material losses that occur at various stages of the production process. Because metallic inputs typically
exceed the volume of final outputs, yield losses arise during the manufacture of coke, iron, liquid steel,
casting, and rolling. These losses (including rejections) mean that more input material is required to
produce a given quantity of prime output. Yield cost therefore captures the impact of these inefficiencies

on overall production costs (CRU Steel Cost Service methodology, 2023).

Quasi-fixed conversion costs include labour and overheads.

Internalised environmental cost refers to the carbon emission cost, representing the direct (Scope 1)

cost of CO2e emissions on site, adjusted for CRU’s estimate of free allowances. This cost is only
considered within the eLCC.

! For internal costs (included in both approaches), both capital expenditure (CAPEX) and operational expenditure (OPEX) are

considered.


https://www.crugroup.com/en/data/prices-and-indices/steel-prices/

The LCC models include also the transportation costs, using a price per t*km from the Recalibrate
model and assuming the same transportation distances and modes as in the LCA (Table 30, LCA).

Finally, there are the environmental costs associated with the emissions in the production of the
representative products (production) and the emissions related to the transportation to EU market.
This cost is only included in the feLCC and is calculated using the results of the LCA and converted
into damage costs using the monetization factors presented in Table 3.

Table 2: Cost structure used in the eLCC and in the feLCC

ELCC FELCC

CAPITAL EXPENDITURE:

Sustaining capital v v

OPERATIONAL EXPENDITURE:

Raw material: 4 v

Produced billet

Interest on working capital

Variable conversion costs: 4 4

Yield cost

Scrap

Electricity

()

Quasi-fixed conversion costs: 4 v

Labour

Overheads

INTERNALISED ENVIRONMENTAL COST: 4 X

Carbon Emissions Cost

TRANSPORT COST TO EU: v v

ENVIRONMENTAL COST:

Climate change; Ozone depletion; Human toxicity, cancer; Human toxicity, non-cancer * v
Production
Transport
Source: Own elaboration.
Table 3: Monetization factors used in the feLCC model
IMPACT CATEGORY UNIT OF MEASURE UPDATED VALUE (2022)
1 Climate change, total €/kg CO: eq. 1.19°10"
2 Ozone depletion €/kg CFC-11 eq. 6.28°10"!
3 Human toxicity, cancer €/CTUh 10.4°10*
4 Human toxicity, non-cancer €/CTUh 1.88°10*

Source: Magrini, C, Rodriguez Manotas, J., Gonzalez Torres, M., Senatore, V., Gama Caldas, M. et al, Method for the ranking
of potential requirements, based on expected impacts and costs, Publications Office of the European Union, Luxembourg,
2025, https://data.europa.eu/doi/10.2760/1478580, JRC143331



The LCC model draws on three main CRU reports: Cost Summary, Cost Breakdown, and Benchmark.
In addition, the modelling incorporates the Bill of Materials (BOM) used in the LCA and the LCA
results. The BOM is used to estimate OPEX, while the LCA results are monetized into damage costs
using the factors reported in Table 3. Figure 1 summarizes the data inputs to the LCC model.

Figure 1: Data input of the LCC modelling.
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3 Model description

Two different modelling approaches were applied, depending on the availability of detailed CRU cost
data for each representative product.

3.1 Representative products calculated based on CRU data

The LCC analysis was conducted separately for each representative product in the excel file. Each
excel file contains 3 types of tabs: 1) results tabs, 2) CRU raw data tabs and 3) other data tabs.
Here below each tab is explained using the example of the wire rod, yet the calculation was
performed in a similar way to that for hot rolled coil and cold rolled coil galvanized.

3.1.1 Results

In the excel file of each representative product, there are three results tabs, one showing the results
of the environmental LCC (eLCC), another with the full environmental LCC (feLCC) and the results
interpretation tab, which is used to generate the results and graphics presented in this report.

3.1.1.1 Environmental LCC results

Figure 2 shows the structure of the eLCC results tab for wire rod (WR). The first columns present the
cost items presented in Table 2.

The second group of columns, named “CRU Cost contribution ($/t WR), show the cost data from CRU
database. These figures are the weighted average of all the facilities included in CRU based on their
production capacity, using the CRU report “Cost Summary data”. The 3™ group of columns, named
“Unit cost per item (benchmark)” show the unit cost of each item based on CRU data. These values
are also weighted averages of all the facilities included in CRU.

Then the columns under “BOM Life Cycle Inventory” show the bill of materials used in the LCA to
produce 1 tonne of representative product in Europe with the two main technology routes (i.e. EAF
and BOF) and outside the EU.

Finally, the grey columns (named eLCC (€/t WR)) show the results of the eLCC in € for:

1) 1 tonne of wire rod produced in the EU using the EAF route (1% grey column) and the BOF
route (2™ grey column).

2) 1 tonne of wire rod produced outside the EU using the EAF route (3™ grey column) and the
BOF route (4™ grey column).

3) 1 tonne of wire rod produced in the EU, considering the production shares of EAF and BOF
routes indicated in Table 1 (5" grey column)

4) 1 tonne of wire rod produced outside the EU, considering the production shares of EAF and
BOF routes indicated in Table 1 (6" grey column).

5) 1 tonne of wire sold in the EU market, assuming the share of EU production shown in Table
1 and in the top-left corner of the Figure 2 (i.e., 87%) (7th grey column).



To calculate the results, the unit costs per item (2™ group of columns) is multiplied by the physical
amounts in the BOM Life Cycle Inventory columns, when the item is considered in the CRU cost and
in the BOM (e.qg. electricity). For items that have associated costs but not corresponding physical
amount in the BOM (e.qg. labour), the cru cost contribution (2™ group of columns) is used directly,
applying only the currency conversion shown in the top-left corner of Figure 2.

Figure 2: Screenshot “eLCC results” tab for wire rod

879 Share of EU production CRU Cost contribution ($ twr) Unit cost per item (benchmark) h BOM Life Cycle Inventory 1 €LCC (&/ twr)
097 6is EuropeEurope Extra-EU_Extra-EU [Europe Europe Extra-EU_Extra-EU [Unit Europe Europe  ExtraEU ExtraEU [Unit|  Euope  Extra-EU EU market|
EAF_ BF-BOF EAF _ BF-BOF |EAF  BF-BOF EAF  BF-8OF EAF  BR-BOF EAF  BF-BOF
Capital Expenditure: 237 305 2.46]
Sustaining capital 237 204 372 3.10] 237 3.05 2.48|
Operational Expenditure: 69928 53151 65551
Raw material:
Produced billet 617.95 605.57 54416 496.01| 503.66 58458 52523 495.88/$n Istab 102610 102610 1026.10 1026.10/kg 55742 47781  547.07|
Interest on working capital 342 376 388 299 3.26 3.04 323
1 Variable conversion costs:
Yield cost 2567 2170 1967 1667 23 1630 2185
Scrap -8.93 -8.38 -8.50 -7.17| 396.95 448.02 42646  306.39|3rd party scrap ($/t)
Electicity 2304 3870 1170 1238 030 030 0.0  0.08|Purchased electricity (§/Wh) |Electricity 51534 51534 61634 515341 917 1202 3564
Coke ovengas 000 1003 000 363 2976 2519 698  6.96|Coke ovengas($/G)) (Goke oven gas 435.28 435.20(M) 353 181 331
BF gas 0.00 000 005 105 2076 2519 698  6.96[BF gas($/G)) Blast furnace gas 41136 411.36/M) au 17 213
BOF gas 0.00 000 000 052 2976 2518 638  6.96[BOFgas(3/G)) Basic Oxygen Furnace Gas 308.04 308.04/M) 250 128 234
Custom iron gas 0.00 0.00 0.00 071 2976 2519 698 6.96|Custom iron gas ($/G))
Natural gas aLaL 2763 759 208 2076 2519 738 19.02{Naturalgas($/6)) Natural gas 3366 812 3366 812k 325 862 30.05
! Steam 0.00 000 005 000 3501 3105 1741  9.29|Steam ($/6)) Steam 2343 2343 2343 2343 o 026 0.66|
I Rolis &roll shop 501 503 677 654 462 608 481
Parts & spares. 396 408 402 2.0 368 252 353
Other costs 0.09 0.52 0.08 0.01 0.2 0.03 0.20)
Quasi-fixed conversion costs:
Labour 1983 2786 2862 1405 2086 1762 2044
; Overheads 567 306 673 410 438 462 441
Transport Cost to EU: 014 047 0.0011 0.001LEUR/MKm Truck distance 0 0 e0ea  8088Jkm [ 8.87 1.15|
1 Intemalized environmental costs: 390 0.05 3.40)
1 Carbon Emissions Cost 392 482 0.08 0.03] 380 0.05 3.40]
| Production Cost (without transport]: 733,32 747.44 62855 55985 705.55 53460
i LCC (including transport to EU): ﬂ 705.55 543.48

Source: Own elaboration

3.1.1.2 Full environmental LCC results

Figure 3 presents the structure of the feLCC results tab for wire rod. The main difference between
the eLCC tab (Figure 2) and the feLCC tab is that the latter excludes the internalized environmental
costs (mainly the Carbon Emission cost) but includes the environmental costs associated with the
production of the representative product and their transportation to EU market.

The results displayed in the grey columns are, in most of the cases, calculated in the same way as
for the eLCC. For the environmental costs, the environmental impacts (shown below the BOM) are
multiplied by the damage costs provided under the “unit cost per item (benchmark)”.

Figure 3: Screenshot “felLCC results” tab for wire rod

87% Share of EU production |__cRu Costcontribution ($/twr) | Unit cost per item (benchmark) BOM Life Cycle Inventory | eLCC (E/tWR) |
Ses [Eurcpe Europe Extra-EU Extra-EU |Eurape Europe Extra-EU  Extra-EU ‘Umw Eurcpe  Europe  Extra-EU Extra-EU Unit
EAF__BFBOFEAF _ BEBOF |FAF BFBOF __ EAF BF-BOF EAF__ BFBOF EAF _ BFBOF
Capital Expenditure:
Sustaining capital 237 234 372 30 0.00 0.00 0.00 0.00)
Gperational Expenditure:
Raw material:
Produced billet 61705 60557 54416 4991 72261 64214 5353 £70,29($n siab 102610 102610 1026,10 1026,10 kg
Interestonworkingeapital | 342 376 388 299

Variable conversion costs:

Scrap 893 838 859 -717| 39695 44802 42646 396,39(3rdpartysorap ($1t)

Electricity 2304 370 1170 1239 030 0.30 0,10 0,03 |Purchased electricity (/kWh) [Electricity 51534 51534 51534 51534 MJ
Coke ovengas 000 1003 000 363 2976 2519 638 5.55| Coke oven gas ($/G)) Coke ovengas 000 43529 000 435325 MJ
BFgas 000 000 005 105 2976 25,19 698 6,96|BF gas (3/G)) Blast furnace gas 000 41136 000 4113 MJ
BOFgas 000 000 000 052 2976 25,19 6,98 6.96|BOF gas ($/G)) Basic Oxygen Fumace Gas 000 30804 000 308,04 MJ
Custom iron gas 000 000 000 07 2076 25,19 608 6,98 Custom iron gas (§/GJ)

Naturalgas 3131 2783 789 2,08 2076 25,19 7,38 19,02 | Naturalgas ($/G1) Naturalgas 3366 812 33EE 812 g
Steam 000 000 005 000 3501 31,05 1741 9,20|steam ($/G1) Steam 2343 2343 2343 2343 M
Rolls &rollshop 501 503 677 654

Parts &spares 3% 408 402 205

Othercosts 008 052 005 001

Quasi-fixed conversion costs

Labour 1983 2796 862 14,05
Overheads 567 306 673 410
Transport Cost toEU: 0,14 014 0,001 00011 [FUR/vkm 000 000 8068,00 068,00 km
cost
Production
Climate change 012 012 0.12 0.12|€/kg €02 eq 696,85 204220 102790 218000 k2CO2Equivalents
Ozone depletion 62,80 62,80 62,80 62,80|€/kg CFC-11eq SE07 2607 2607  2E-07 keCFClequivalents
Human toxiticy, cancer 1040000,00 104D000,00 1040000,00 1040000,00|£/CTUR SE07 2605 7E07 2605 CTUh
Human toxicity, non cancer 185000,00 18800000 _188000,00 _188000,00|/CTUR 1E05 6E06  1E05  7E06 CTUn
Transport
Climate change 0,12 012 0,12 0,12|€/kgCO2eq 3E:01  3E:01 kgCO2Equivalents
Ozone depletion X X ¥ 62,80/ €/kg CFC-11eq, 212 2E-12 kgCFCLlequivalents
Human toxiticy, cancer 1040000,00 1040000,00 1040000,00 1040000,00|€/CTUR

BE0S  BE0 CTUn

Human toxioity. non cancer 188000,00 18800000 _188000,00 _188000,00|&/GTUn SE-08__ 9E-0B GTun
Full Environmental LCC (including trans port to EU):

Source: Own elaboration



3.1.2 CRU data

As mentioned previously, 3 different CRU reports were used for each of the representative products,
namely:

Cost summary: This CRU report (and excel tab) shows the cost categories for the latter stage of the
production of the representative product in all the plants included in CRU for 2022, for example from
billet to wire rod.

Cost breakdown: This CRU report (and excel tab) shows similar cost categories than the cost summary
report, but it integrates all the steel making processes.

Benchmark: This tab shows the unit prices per plant of the different cost items used in the cost summary
report.

The Raw data tabs described above, were processed to estimate the information provided in the following excel
tabs:

Weighted average cost summary: This tab provides an estimation of the weighted average for each cost
category reported in the Cost Summary report, calculated based on annual production volumes. To dis-
tinguish between EU and extra-EU production, as well as between different technological routes, data
from the List report were used. By combining the information from the Cost Summary and the List
reports, it is possible to calculate weighted averages for EU and extra-EU production by technological
route, based on 2022 production figures. These weighted averages are reflected in the columns “CRU
cost contribution ($/t)” of the eLCC and feLCC tabs (Figure 2 and Figure 3).

Weighted average Benchmark: This tab provides an estimation of the weighted averages of the unit
prices displayed in the benchmark report. The average is done per location (EU and Extra-EU) and tech-
nological path (EAF and BOF). These weighted averages are reflected in the columns “Unit cost per item
(benchmark)” of the eLCC and feLCC tabs (Figure 2 and Figure 3).

3.1.3 Other sources

As shown in Figure 1, the LCC model uses the LCA results data, the transportation cost values, the
technology and market shares (shown in Table 1) as well as the monetization factors. All this
information is included in the model as independent tabs used in the eLCC and feLCC tabs (Figure 2
and Figure 3).

3.2 Representative product without CRU data

For the two representative products without CRU data, namely electrical steel (ES) and stainless
steel (SS), the excel files have the same tabs but without the CRU data tabs. In addition, the results
tabs (eLCC results and feLCC results) are structured differently than in the case with CRU data.

Figure 2 shows the structure of the eLCC results tab for electrical steel. The first columns present
the cost items presented in Table 2.

The second group of columns, named BOM show the Bill of Materials used in the LCA to produce 1
tonne of representative product in Europe with the two technological routes (i.e. EAF and BOF) and
outside EU.



The 3™ group of columns, named “Unit cost per item (benchmark)” show the unit cost of each item
based on CRU data. These values are also averages of cost items used in the representative
products with CRU data.

The 4" group of columns, named “% contribution” shows the average contribution of these items to
the LCC of the three representative products based on CRU data. These percentages were used to
estimate cost items that were not included in the BOM but were considered relevant for the LCC,
such as sustaining capital, labour, and overheads.

Finally, the grey columns (named eLCC (€/t ES)) show the results of the eLCC in € for:

1) 1 tonne of electrical steel produced in the EU using the EAF route (1% grey column) and the
BOF route (2™ grey column).

2) 1 tone of electrical steel produced outside the EU using the EAF route (3™ grey column) and
the BOF route (4™ grey column).

3) 1 tonne of electrical steel produced in the EU, considering the production share of EAF and
BOF routes indicated in Table 1 (5" grey column)

4) 1 tonne of electrical steel produced outside the EU, considering the production shares of EAF
and BOF routes indicated in Table 1 (6™ grey column).

5) 1 tonne of wire sold in the EU market, assuming the share of EU production shown , assuming
the share of EU production shown in Table 1 and in the top-left corner of the Figure 2 (i.e,
189%) (7th grey column).

To calculate the results, BOM Life Cycle Inventory columns are multiplied by the unit costs per item.
For the items excluded from the BOM, the percentages shown in the columns % contributions are
applied to the sum of the cost with BOM cost items.

Figure 4: Screenshot “eLCC results” tab for electrical steel (ES)

1 189% Share of EU preduction BOM Unit cost per item (benchmark) 9% contribution

eLCCi€/ tes) '
2 097 ¢/$ Europe Eurape Extra-EU_Extra-EU_Unit|Eurape Europe Extra-EU_ ExtraEU_Unit Europe Europe  ExtraEU " Extra-EU Europe ExtraEU | Europe | Extra-EU | EUmarket
3 EAF _ BFBOF EAF BF-BOF EAF _ BF-BOF EAF BF-BOF EAF _ BFBOF EAF BF-BOF [EAF  BF-BOF |EAF  BF-BOF | O%EAF | OS%EAF | 82%EU
4 [Capital Expenditure: 0,00 290 000 235 290 235 2,45
5 Sustaining capital 082% 0A7% 063% 047%| 0,00 290] 080 235 290 235 245
G Operational Expenditure: 0,00 641,87 000 51884 64187 518,84 540,98
7 Raw material:
8 Produced slab 1017.00 1017,00 ke | 63463 52239 523,33 474,14 $h 000 48877| 000 44363 48877| 44363 45175
] Interest on working capital 016% 0,18% 026% 0,19%| 0,00 113 000 096 1,13| 0,96| 099
o Variable conversion costs: 0,00 0,00
n Vield 078% 144% 137% 146%| 0,00 887 000 729 8,87 7,29 757
12 Serap 055% -005% -1,04% -1,00%| 0,00 -5,85] 000 501 -5,85 -5,01 -5,16|
13 Electricity 739,58 739,58 MI 035 030 009 009 Purchased electricity ($/kWh) 000 5720 000 1738 5720 1738 2455
1 Goke oven gas 608,48 60848 MI | 3005 2671  7.53 8,60 Cokeovengas($/6)) 000 1495 000 481 1495 481 6,64
15 BFgas 7568 7568 M) | 8005 2671 753 860 BFgas($/G)) 0,00 18| 000 080 1,86| 0,60 0,83
16 BOF gas 6594 6594 M | 3005 2671 753 860 BOFgas($/6]) 0,00 162 000 052 1,62 052 072
7 Natural gas 35,67 3567 Ml | 3005 2671 789 18,46 Naturalgas ($/6]) [ 000" 4383 000" 3029 4383 3029 3273
13 Steam 232,03 232,03 M) 3729 3225 14,05 11,18 Steam ($/6)) 0,00 6,88 0,00 239 6,88 239 320
19 Rolls & rall shop 044% 044% 075% 069%| 000 270 000 343 2,70 343 330
0 Parts & spares 030% 032% 038% 0.25%| 0,00 2000 o000 123 2,00 1,23] 1,37
2 Other costs 000% 003% 001% 0,00%| 0,00 017 000 000 0,17| 0,00 0,03
3
23 Quasi-fixed conversion costs:
S Labour 191% 262% 304% 184%| 000 1610/ 000 919 1610 919| 1043
% Overheads 042% 027% 070% 042%| 0,00 164 000 212 1,64 2,12) 2,03
27 Transpont Gostto EU: 014 0147 00011 0,0011 EDRikm 0,00 000 000 1881 000 1881 15,43|
22 [Intemalized environmental costs: 0,00 223 000 001 223 0,01 041
g Carbon Emissions Cost 028% 036% 001% 0,00%| 000 2.23] 000 001 223 0,01 041
30 [Environmental LCC (including transport to EU): 000 64701 000 54002 647,01] 540,02 559,27

Source: Own elaboration



4 Results interpretation

This section presents the modelling results for each representative product individually, followed by
a comparative analysis across all five products. Given the importance of slab and billet production
costs in shaping the overall LCC results, a dedicated subsection provides additional detail on these
components.

All result figures display the seven scenarios shown in the eLCC and feLCC worksheets (Figure 2,
Figure 3 and Figure 4). Each bar corresponds to a different production configuration combining
region (EU or extra-EU), technology (EAF or BOF), and market mix. Figure 5 illustrates the
relationship between these bars:

e the production mixes for EU and extra-EU regions for each product (second-level boxes)
correspond to the values listed in the fourth column of Table 1,

e while the EU market mix for each product (third-level box) corresponds to the values in the
fifth column of Table 1.

Figure 5: Representation of the relation between the different bars presented in the following results figures.

EU Production E EU Production Extra-EU Production
100% EAF : 100% BOF

SUDETeTIee
N~

100% EAF 100% BOF
(1st bar) (2nd bar) (3rd bar) (4th bar)
EU Production: Extra-EU Production: |
Mix EAF & BOF Mix EAF & BOF
(5th bar) (6th bar)
EU Market:
Mix of EU and Extra-EU Production
(7th bar)

Source: Own elaboration.

4.1 Hot rolled coil

4.1.1 Assumptions
For this product, data were available in the CRU database, and no assumptions were required to
combine these data with the Bill of Materials used in the LCA.

4.1.2 Results

Figure 6 presents the LCC results for one tonne of hot rolled coil (HRC).

When considering the eLCC analysis, EU production is consistently more expensive than extra-EU
production across both technologies (see: the first four bars of Figure 6):



e EAF production is 46% more expensive in the EU than outside the EU (€889/t vs.
€609/t), driven mainly by higher electricity (29 €/t vs. 7 €/t), natural gas (42 €/t vs. 10 €/t),
and slab costs (788 €/t vs. 542 €/t).

e BOF production is 15% more expensive in the EU (€646/t vs. €562/t) due to higher iron-
ore-based raw material costs and higher fuel and quasi-fixed operating costs.

Within each region, EAF remains more costly than BOF, by 38% in the EU and 8% outside the EU.

For HRC sold on the EU market, the eLCC is 641 €/t, closer to the cost of EU production (658 €/t)
than extra-EU production (565 €/t), reflecting the assumption that 82% of sales come from EU
production and 18% from extra-EU imports.

Raw materials are the largest cost component (85%), driven almost entirely by slab costs (100%).
As can be seen in section 4.7, slab production costs in EU are mainly driven by scrap and electricity
in the EAF route and by iron-ore-based inputs (sinter, pellets, coke, coking coal) in the BF-BOF route.
Outside the EU, electricity becomes less dominant, while coal-based inputs gain even more weight.
The second-largest contribution comes from OPEX variable conversion costs (65 €/t), primarily
natural gas (30%), electricity (32%), yield loss (20%) and coke oven gas (18%).

In contrast, CAPEX, transport and the internalized environmental costs (i.e. the Carbon emissions
costs) contribute only marginally to the eLCC results. The limited contribution of internalised
environmental costs in the present analysis reflects the carbon pricing conditions in force in 2024,
when EU ETS free allocation remains significant and CBAM has not yet introduced financial
obligations for importers (Box 1).

Box 1: Reflection of CBAM and EU ETS Costs in the Steel Sector (2024 and beyond)

The reference year for the analysis is 2024. In 2024, the Carbon Border Adjustment Mechanism (CBAM) is in its
transitional phase. During this period, importers of iron and steel products are required to submit quarterly reports on
embedded direct emissions and any carbon prices effectively paid in the country of origin. No CBAM certificates are
surrendered, and therefore the mechanism does not yet impose direct financial obligations on importers.

At the same time, EU steel manufacturing installations continue to be covered by the EU Emissions Trading System (EU
ETS). They are required to surrender emission allowances corresponding to their verified CO> emissions but continue to
receive a significant share of free allocation to mitigate the risk of carbon leakage. Consequently, only a fraction of the
carbon price signal is currently reflected in steel production costs, especially for installations operating close to
benchmark performance levels.

From 2026 onwards, CBAM will enter its definitive phase, introducing a requirement for importers to purchase CBAM
certificates reflecting the embedded direct emissions of imported goods, priced in line with the average EU ETS
allowance price. In parallel, free allocation under the EU ETS will be phased out gradually between 2026 and 2034 for
sectors covered by CBAM.

The combined evolution of the EU ETS and CBAM is expected to enhance the consistency of carbon pricing across
domestic and imported products, while maintaining protection against carbon leakage and reinforcing incentives for
low-carbon production technologies in the steel sector.

When environmental costs are included (see the feLCC part of Figure 6), the full environmental LCC
rises to 879 €/t for coil sold in the EU. Environmental costs represent 28% of total costs in EU
production, 32% in extra-EU production, and 29% for the EU market mix. In every case, most of
these costs stem from climate change impacts during production (92% in EU production, 90% in
extra-EU production, and 91% in the EU market mix) followed by the emissions associated with
human toxicity (cancer) that represented (8% in EU production, 7% in extra-EU production, and 8%
in the EU market mix).

Overall, while the BOF route has lower financial costs than EAF, but higher environmental costs, as
it generates significantly higher emissions than EAF.



Figure 6: LCC results in € per tonne of hot rolled coil (HRC)
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4.2 Wire rod

4.2.1 Assumptions

For wire-rod, the Bill of Materials (BOM) considered slabs as the raw material, whereas the CRU
database used billets as the raw material in the process. The assumption made in this regard was
that the quantity of billets used (to be multiplied by the cost per billet) was equal to the quantity of
slabs reported in the BOM. Therefore, billets and slabs were treated as equivalent items in terms of
weight.

4.2.2 Results

Figure 7 shows the LCC results for one tonne of wire rod.

Similarly to hot rolled coil, wire rod produced in the EU is more expensive than that produced
outside the EU, regardless of the technology route, when only financial costs are considered.

For EAF facilities, production in the EU is 28% more expensive than in extra-EU facilities. For BOF
facilities, EU production costs 21% more than extra-EU production.

e The EU EAF production is 28% more expensive than extra-EU EAF (€825/t vs. €645/t),
mainly due to higher electricity (39 €/t vs. 13 €/t), natural gas (46 €/t vs. 11 €/t), and billet
costs (682 €/t vs. 551 €/t)

e For the BOF route, EU production is 21% more expensive (€743/t versus €613/t), driven
by higher raw materials (610 €/t in the EU vs. 541 €/t extra-EU) and fuel-related costs,
especially coke oven gas, BF gas, and BOF gas.

In both regions, the EAF route is more expensive, within the EU, it is 11% more expensive than the
BOF route, while outside the EU, it is 5% more costly.

The financial cost of one tonne of wire rod sold in the EU market amounts to 774 €/t (eLCC EU
market). This value is closer to the cost of EU production (796 €/t) than extra-EU production
(624€/t), as it is assumed that 87% of wire rod sold in the EU originates from EU production and
13% from extra-EU production.

The largest cost contribution to the eLCC of wire rod sold in the EU market comes from raw
materials (83%), almost entirely attributable to billet costs (99%). As can be seen in section 4.7, the
billet production costs are driven mainly by scrap and electricity in the EAF route, and by iron-ore-
based inputs (sinter, coke, coking coal) in the BF-BOF route, both in the EU and outside it. Gas-credit
offsets, along with modest contributions from energy, labour, and ferroalloys, shape the remaining
cost structure, while CAPEX and environmental costs remain negligible.

The second-largest contribution to the eLCC comes from OPEX variable conversion costs, which
amount to 98 €/t for the EU market. The main contributors to these costs are electricity (38%),
natural gas (31%), and yield loss (22%).

In the full environmental LCC (feLCC), shown in Figure 7, each tonne of wire rod sold in the EU
market has a cost of 929 €. Most of this is identical to the financial LCC, but it also includes
environmental costs, which account for 16% of total cost in EU production, 27% in extra-EU
production, and 17% for the EU market mix.
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In all cases, most environmental costs are linked to climate change impacts during production (94%
in EU production, 92% in extra-EU production, and 94% for wire rod sold in the EU market) followed
by the human toxicity (cancer) impacts as well during production (5% in EU production, 6% in extra-
EU production, and 4% for wire rod sold in the EU market). These emissions are significantly higher
in the BOF route compared to the EAF route.

As shown in the graph, although the BOF route has a lower financial cost than EAF route (eLCC
results), the opposite is true once the environmental costs from the LCA emissions are included
(feLCC results). This means that the environmental cost associated with BOF wire-rod production
(in comparison with the EAF wire-rod production) exceeds the financial cost advantage it initially
had over EAF, regardless of the production location.
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Figure 7: LCC results in € per tonne of wire rod (WR)
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4.3 Cold rolled coil galvanised

4.3.1 Assumptions

For this representative product, CRU data were not available. Therefore, it was assumed that cold-
rolled coil galvanized (CRCG) as a proxy for the costs as hot-dip galvanized coil. This assumption is
considered reasonable because both products undergo similar processing steps, use comparable
input materials, and share equivalent energy and resource requirements. The main cost drivers,
such as substrate steel, galvanizing operations, and energy consumption, are largely the same for
both products, resulting in comparable overall production costs.

In addition, in the model for the hot-dip galvanized coil, the input material was cold-rolled coil (CRC)
rather than slabs, as considered in the LCA. The process was recalculated to integrate the
production costs of cold-rolled coil (from CRU database) and to use slabs as the raw material, in
line with the LCA approach.

4.3.2 Results

Figure 8 shows the LCC results for one tonne of CRCG. Like in the previous products, when financial
costs are considered, EU production is more expensive than extra-EU production for both
technological routes.

e For the EAF route, EU production is 45% more expensive compared to third countries
(€1 090/t vs. €749/t). This difference is mainly due to significantly higher electricity costs
(72 €/t in the EU vs. 19 €/t extra-EU), substantially higher natural gas costs (69 €/t vs. 21
€/t), and a more expensive slab input (788 €/t vs. 542 €/t).

e For the BOF route, EU production is 20% more expensive compared to third countries
(€825/t vs. €688]t), driven largely by higher iron-ore-based raw materials (558 €/t in the EU
vs. 500 €/t extra-EU) and higher fuel costs, especially coke oven gas, BOF gas, and BF gas.

Within each region, the EAF route remains costlier, 32% higher than BOF in the EU and 9% higher
outside the EU.

For CRCG sold on the EU market, the environmental LCC is 817 €/t. This figure is closer to the EU
production cost (836 €/t) than the extra-EU cost (691 €/t), since it is assumed that 87% of sales
come from EU production and 13% from extra-EU imports.

The largest cost component of the eLCC of CRCG sold in the EU is raw materials (68%) fully
attributable to cold rolled coil (>99%). The second-largest component is OPEX variable conversion
costs (196 €/t), driven mainly by zinc (34%), electricity (27%), natural gas (22%), yield cost (8%)
and coke oven gas (7%).

Including environmental costs (feLCC part of Figure 8), the full environmental LCC of CRCG rises to
1087 €/t for EU market sales. Environmental costs accounts for 25% of total costs in EU
production, 30% in extra-EU production, and 26% for the EU market mix. Across all cases, most of
these costs are linked to climate change impacts during production (92% in EU production, 91% in
extra-EU production, and 92% in the EU market mix) followed by the emissions contributing to the
impact category human toxicity cancer (7% across all three option).



Beyond these aggregated results, it is important to highlight the contribution of the galvanization
step to the overall increase in environmental costs when compared with non-galvanized hot rolled
coil (HRC). Across all production configurations, the feLCC results show that galvanized CRCG carries
substantially higher environmental costs than HRC, particularly for climate change and human
toxicity categories. For EU production, the climate-change cost of CRCG is 319% higher than that of
HRC in the EAF route and 16% higher in the BOF route; similar differences are observed for extra-
EU production (31% and 17%, respectively). The increase is even more pronounced for human
toxicity impacts: galvanized CRCG shows 106% higher cancer-related toxicity in the EU EAF route
and 79% in the extra-EU EAF route, reflecting the significant contribution of zinc use and related
upstream processes. Non-cancer human toxicity impacts also rise markedly (between 28% and
70%, depending on the route and region).
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Figure 8: LCC results in € per tonne of cold rolled coil galvanized (CRCG)
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4.4 Electrical sheet

4.4.1 Assumptions

For this representative product, CRU data were not available. Its LCC has been estimated using the
Bill of Materials (BOM) of the LCA and the unit prices of the different inputs from CRU. These unit
prices were calculated as average of the unit prices of the same inputs used in the three
representative products with CRU data.

For the cost items not included in the BOM (such as sustaining capital, labour, etc.), it was assumed
that their cost share was equal than the average share of the same item for the three
representative products with CRU data.

4.4.2 Results

Figure 9 shows the LCC results for one tonne of electrical sheet (ES) produced within the EU using
BOF route, outside the EU using the same technological routes (2™ bar) and the share of the latter
sold in the EU market (18% EU) in the 3™ bar. The last three bars show the full environmental LCC
for the same options.

Electrical sheet produced within EU is 37% more expensive than that outside the EU (1034 €/t vs.

753 €/t), mainly due to substantially higher variable conversion costs. Electricity costs are more
than three times higher in the EU (203 €/t vs. 62 €/t), and natural gas costs are also markedly
higher (106 €/t vs. 60 €/t). Fuel-related costs from coke-oven gas, BF gas, and BOF gas additionally
contribute to the gap. Raw material costs are moderately higher in the EU (620 €/t vs. 556 €/t), and
quasi-fixed operating costs are nearly double (42 €/t vs. 24 €/t). These combined differences
explain the significantly higher total production cost of electrical steel within the EU.

For ES sold on the EU market, the environmental LCC is 804 €/t. The largest cost component of
these costs is raw materials (73%), which are almost entirely attributable to slab production
(>99%). The second-largest component is OPEX variable conversion costs (176 €/t), driven mainly
by electricity (49%), natural gas (39%), yield (5%), and coke oven gas (4%).

Including environmental costs (feLCC, as shown in Figure 9) increases the full environmental LCC to
1,206 €/t for EU market sales. Environmental costs account for 289% of total costs in EU production,
36% in extra-EU production, and 34% in the EU market mix. Across all cases, most of these costs
are linked to climate change impacts during production (91% in EU production, 92% in extra-EU
production, and 92% in the EU market mix), followed by human toxicity (cancer) (6% in all the three
cases: EU production, extra-EU production, and EU market mix).
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Figure 9: LCC results in € per tonne of electrical sheet (ES)
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4.5 Stainless steel

4.5.1 Assumptions

For this representative product, CRU data were not accessible for JRC. Alike electrical sheet, LCC has
been estimated using the Bill of Materials (BOM) of the LCA and the unit prices of the different
inputs from CRU. These unit prices were calculated as average of the unit prices of the same inputs
used in the three representative products with CRU data.

For the cost items not included in the BOM (such as sustaining capital, labour, etc.), it was assumed
that their cost share was equal than the average share of the same item for the three
representative products with CRU data.

4.5.2 Results

Figure 10 shows the LCC results for one tonne of stainless steel (SS).

The environmental LCC of the EU produced SS is 34% higher than that outside the EU (3,578 €/t. vs.
2,669 €/t) and is primarily driven by two factors. First, stainless-steel scrap and ferroalloys
(especially ferrochromium, ferronickel, and nickel) are considerably more expensive in the EU and
represent the dominant share of total costs. Second, energy prices are higher in the EU, with
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electricity costs exceeding 250 €/t (compared with 30 €/t outside the EU) and natural gas also being
more expensive (89 €/t vs. 20 €/t).

For SS sold on the EU market, the environmental LCC corresponds to 3,351 €/t with the largest cost
component being raw materials (85%), dominated by stainless-steel scrap, ferroalloys (particularly
ferrochromium and ferronickel), and nickel. The second-largest component is OPEX variable
conversion costs (353 €/t), driven mainly by electricity (58%), natural gas (21%), yield losses (9%)
and LPG (79%).

Including environmental costs (feLCC, as shown in Figure 9) increases the full environmental LCC to
3,878 €/t for EU market sales. Environmental costs account for 10% of total costs in EU production,
27% in extra-EU production, and 14% in the EU market mix. Across all cases, most of these costs
are linked to climate change impacts during production (96% in EU production, 98% in extra-EU
production, and 97% in the EU market mix).

Figure 10: LCC results in € per tonne of stainless steel (SS)
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4.6 Product comparison

4.6.1 Environmental LCC

The comparison of the eLCC results (Table 4) shows substantial cost differences across the five
representative products. Stainless steel (SS) is consistently the most resource- and cost-intensive
product, followed by galvanized cold-rolled coil (CRCG) and electrical steel (ES). In contrast, hot
rolled coil (HRC) displays the lowest overall cost, while wire rod (WR) occupies an intermediate
position.

Across all products and regions, operational expenditures (OPEX) account for the majority of total
life cycle costs. Within OPEX, raw materials are by far the dominant cost driver (Table 5). This is
especially evident for SS and CRCG, where the use of alloying elements and specialized input
materials substantially increases total costs. Conversion costs (variable and quasi-fixed) represent a
smaller but still important share—particularly for WR and CRCG, which involve more energy-
intensive rolling and galvanizing steps. In contrast, CAPEX, transport, and internalised environmental
costs together contribute only marginally to total eLCC, typically adding only a few euros per tonne.

As mentioned previously, the limited contribution of the carbon emission tax in the present analysis
reflects the carbon pricing conditions in force in 2022, when EU ETS free allocation remains
significant and CBAM has not yet introduced financial obligations for importers (Box 1).

The cost structure of each product can be summarised as follows:

e Stainless Steel (SS) incurs the highest total OPEX and total eLCC values. This is mainly
driven by the extremely high raw material cost of stainless-steel scrap, which alone
accounts for over 1,700-2,200 €/t depending on the region. Conversion and auxiliary costs
play a comparatively smaller role, but they remain significant due to energy requirements
and yield losses.

e (Galvanized Cold Rolled Coil (CRCG) also exhibits elevated total costs, particularly in Europe,
where its OPEX surpasses 1,000 €/t. The main drivers are again raw material costs and
variable conversion costs, which include natural gas, electricity, and zinc coating. Despite
some minor scrap offsets, CRCG remains among the most cost-intensive products after SS.

e Electrical steel (ES) shows moderate-to-high total costs. As a flat product requiring higher-
quality substrate material and more energy, ES exhibits OPEX values above those for HRC
and WR, but below CRCG and SS.

e Wire Rod (WR) shows a moderate cost profile. Its raw material costs (based on produced
billet) are consistently higher than those of HRC but far lower than those of CRCG or SS.
Conversion costs are also higher than for HRC, largely due to electricity and fuel
consumption during wire drawing and rolling. These results underline WR’s higher energy
intensity compared to HRC but its overall competitiveness in terms of total cost.

e Hot Rolled Coil (HRC) remains the most cost-efficient product in both regions. Its raw
material costs, also based on produced billet, are the lowest across all product categories,
and its conversion costs are modest. Electricity and natural gas constitute the primary
conversion inputs, but their combined cost contribution remains well below those of WR and
CRCG.



Regionally, extra-EU production remains less costly than European production for all product types.
Even when transport costs for selling in the EU (ranging between 5-21 €/t depending on product
and route) are included, the cost advantage of extra-EU producers is not offset. This reflects the
continued difference in raw material and energy costs between the two regions.

Finally, internalized environmental costs appear only marginally in the results (typically below 10
€/t) and mainly affect WR, CRCG, and SS. According to the CRU data, HRC and ES do not reflect
explicit internalized environmental cost components.

To contextualise these product-level LCC differences, it is important to recognise that they reflect
broader structural cost trends observed in the global steel industry. As documented in Task 2 of the
preparatory study, European steelmakers consistently operate at the higher end of the global cost
curve, largely due to higher energy prices, more volatile raw material markets, and the emerging
impact of EU carbon-pricing policies. Historical evidence shows that European production costs have
increased sharply following energy price spikes (especially after 2020), while Asian and American
producers have maintained structurally lower site costs. These systemic cost differentials help
explain why, in our LCC results, extra-EU production remains more competitive across all product
categories and technology routes.

4.6.2 Full environmental LCC

The full environmental life cycle cost (feLCC) of the representative products ranges from 907 €/t to
3,971 €/t in Europe, from 735 €/t to 3,602 €/t in Extra-EU production, and reaches up to 3,878 €/t
in the EU market (see Figure 11)

Within these totals, environmental costs vary between 83 €/t (for Hot Rolled Coil produced via EAF
in Europe) and 934 €/t (for Stainless Steel produced via EAF outside the EU). This represents 9% to
350% of the feLCC, depending on product type, technological route, and production location.

Overall, EAF-based production routes continue to exhibit lower environmental costs than BF-BOF
routes, confirming their relative environmental advantage. This difference is particularly evident for
flat products such as HRC and CRCG, where environmental costs under BF-BOF routes are roughly
three times higher than under EAF production in Europe.

When comparing the same product and technological route, environmental costs remain
systematically lower for EU production than for production outside the EU, reflecting differences in
energy mix, process efficiency, and emission intensity.

As highlighted in the cost breakdown of each product, over 90% of total environmental costs arise
from greenhouse gas (GHG) emissions during production, underscoring their dominant contribution
to the feLCC. Other environmental cost related to ozone depletion and human toxicity represent only
a minor share of the total.
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Table 4: eLCC results of 5 representative products

EU Extra-EU
EU market
EAF BF-BOF EAF BOF

HRC WR CRCG ES S5 | HRC WR CRCG ES S5 | HRC WR CRCG ES S5 | HRC WR CRCG ES SS| HRC WR CRCG ES S5

CAPEX 8 2 26 0| 43 4 3 14 9 0 4 3 14 | o | 27 2 3 10 6 | 0 4 2 14 6 | 39
OPEX Raw Material | 788 | 685 | 792 | 0 | 2988 | 554 | 610 | 558 | 620 | O | 542 |554| 546 | 0 |2375 | 497 | 541 | 500 |556| O | 554 | 644 | 559 | 567 | 2835

OPEX X:rr;":‘g’rl]e ©Onl 76 | 111 | 229 0| 433 | 71 | 98 | 204 | 358 | 0 | 29 |46 | 135 | o | 113 | 38 | 44 | 136 |149| 0 65 98 | 196 | 187 |353
OPEX Quasi-fixed | ;¢ | 53 37 0| 104 | 16 | 29 43 42 | o | 20 | 33| 40 0| 133 | 11 17 29 | 24 | 0 15 25 | 41 | 27 | 111

conversion
Transport 0 0 0 0 0 0 0 0 0 o] 13 | 9 14 | 0| 21 13 9 14 | 19| o0 2 1 2 15| s
Internalized Envi- | ) 4 4 0 10 0 4 6 5 0 0 0 0 0 0 0 0 0 o | o 0 3 5 1 8
ronmental Cost

Total 889 |825| 1090 | O | 3578 | 646 | 743 | 825 | 1034 | 0 | 609 |645| 749 | 0 | 2669 | 562 | 613 | 688 | 755 | 0 | 641 | 774 | 817 | 804 | 3351

Source: Own elaboration
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Table 5: OPEX cost distribution for the three representative products

EU Extra-EU EU market
EAF BF-BOF EAF BOF
HRC | WR | CRCG | ES | S5 | HRC | WR | CRcG | ES | SS | HRC | WR | CRCG | ES | S5 | HRC | WR | CRCG | ES | S5 | HRC | WR | CRCG | ES | S5
Prg‘ijltfted o | es2 0 0 0 o | e06 0 0 0 0 |s51 0 0 0 0 | s38 0 0 0 0 | 641 0 0 0
Produced
b 788 | 0 788 | 0 0 |s54| o 554 | 617 | 0 | 542 | 0o | 542 | O 0 497 | o0 497 | 553 | 0 | 554 | 0O 555 | 565 | O
Stainless 0 0 0 0 | 2233 | o 0 0 0o | o 0 0 0 0 | 420 0 0 0 0 0 0 0 0 0 | 1780
steel Scrap
Interest on
working cap-| 0 3 4 0 9 0 3 4 3 | o 0 4 4 o | 10 0 3 3 2 0 0 3 4 2 10
ital
Al:]‘q’ﬁaal‘snd 0 0 72 0 | 745 0 0 67 0o | o 0 0 79 0 | 1945 | o0 0 67 0 0 0 0 68 0 | 1045
Yield 1 24 3 o | 38 | 14 | 20 16 23 | o | 12 | 18 13 o | s8 13 | 15 16 18| 0o | 13| 22 16 19 | 43
Scrap 0 -8 10 o] 23| 6 | -8 ‘16 | -4 0] 6 | 8| -15 o] 38 | -6 7 .15 | -11| o | -6 | -8 216 | -11 | -27
Electricity | 29 | 39 72 0| 250 | 23 | 39 57 | 203 | 0 7 | 13 19 o | 30 7 12 17 62 | 0 | 21 | 36 52 87 | 195
Fuels 42 | 46 70 o | 128 | 36 | 36 62 | 126 | 0 | 11 | 11| 21 o | 20 18 | 14 36 67 | 0 | 33 | 39 59 78 | 101
Steam 0 1 5 0 5 0 1 4 7 | o 0 0 2 0 0 0 0 1 3 0 0 1 3 3 4
Rc’tshi‘pm“ 4 5 8 0| 21 3 5 7 7 | o 5 7 10 o | 28 4 7 8 7 0 3 5 7 7 23
Parts & 1 4 5 0 13 1 4 5 5 0 1 4 6 0 14 1 2 5 3 0 1 4 5 3 14
spares
Othercosts | O 0 0 0 0 0 1 0 0o | o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Electrode 0 0 0 0 0 0 0 0 0o | o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Argon 0 0 4 0 0 0 0 2 o | o 0 0 1 0 0 0 0 1 0 0 0 0 2 0 0

Source: Own elaboration
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Figure 11: feLCC results of 3 representative products with CRU data

EAF

HRC WR CRCG ES

Europe

SS |HRC WR CRCG ES

BF-BOF

Extra-EU EU market
EAF BOF

SS |[HRC WR CRCG ES SS |HRC WR CRCG ES SS |[HRC WR CRCG ES SS

4500

4000

3971

7~

3878

3500

3602 ®

3000

2500

2000

1500

eLCC (€/t representative product)

1000

500

H eLCC excluding C tax

W Environmentalcost OfelLCC

Source: Own elaboration

| 26



4.7 Slab and billets production costs

Due to the importance of slab and billet costs within the LCC of the representative products, a
detailed analysis of both is presented in this section. Table 6 presents the production costs of steel
slabs across both geographical locations (EU vs. extra-EU) and technological routes (EAF vs. BF-
BOF), while Table 7 provides the same for steel billets.

Due to the importance of slab and billet costs within the LCC of the representative products, a
detailed analysis of both is presented in this section. Table 6 presents the production costs of steel
slabs across both geographical locations (EU vs. extra-EU) and technological routes (EAF vs. BF-
BOF), while Table 7 provides the same for steel billets.

Within the EU, the total production cost per tonne of slab is 768 €/t for EAF and 540 €/t for BF-BOF,
both higher than outside the EU, where costs are approximately 529 €/t for EAF and 485 €/t for BF-
BOF. Across both regions, the EAF route remains more expensive than BF-BOF, mainly due to higher
raw material and energy costs.

Within the EU, electricity and scrap dominate EAF production costs, together accounting for about
70% of total operating expenditures. Electricity alone represents around 20% of total costs, while
scrap contributes roughly 50%. Raw materials such as direct reduced iron (DRI) and pig iron also
play a smaller but non-negligible role, each accounting for around 9-10% of total costs. In contrast,
for the EU BF-BOF route, costs are primarily driven by iron ore-based inputs. Sinter fines, pellets,
coke, and coking coal together represent nearly half of total operating expenditures. The by-product
credits from blast furnace and basic oxygen furnace gases significantly offset costs, reducing total
expenditures by approximately 22%. Energy inputs such as oxygen and purchased electricity
account for a relatively minor share (less than 10% combined), while labour and refractories
contribute between 4-6%.

Outside the EU, the cost structure shifts considerably. Although scrap and electricity remain the
largest inputs for the EAF route, the electricity cost share falls to about 9%, reflecting lower energy
prices, while scrap still accounts for nearly half of total costs. Other contributions (such as labour,
refractories, and auxiliary materials) become relatively more significant than in the EU context. For
extra-EU BF-BOF production, raw materials remain the dominant cost drivers, but their relative
weights change: coking coal and sinter fines together exceed 50% of total costs, highlighting a
stronger dependence on coal-based inputs compared to the EU. The contribution of energy-related
costs (such as purchased electricity or process gases) remains minor, and gas credits continue to
offset part of the production expenses.

Capital expenditures (CAPEX) represent a very small fraction of total costs, below 2% in all cases,
but follow the same general pattern as operational expenditures (OPEX), higher within the EU and
slightly more pronounced for BF-BOF than EAF.

The internalized environmental costs, reflected as internalized CO, charges, have only a limited
impact on overall production costs. They appear only in EU BF-BOF production, where CO; costs
account for about 4% of total costs (approximately 23 €/t). For the EAF route, carbon costs are
minimal, while they remain nearly absent outside the EU due to the lack of equivalent carbon
pricing mechanisms. As mentioned previously, the limited contribution of the carbon emission tax in
the present analysis reflects the carbon pricing conditions in force in 2024, when EU ETS free
allocation remains significant and CBAM has not yet introduced financial obligations for importers
(Box 1).
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Regarding the billets, in general, their production costs are lower than those of slabs across all
routes and regions. Within the EU, total costs amount to 665 €/t for EAF and 591 €/t for BF-BOF,
compared to 537 €/t for EAF and 525 €/t for BF-BOF outside the EU. The lower production costs of
billets compared with slabs stem mainly from their simpler manufacturing process. Billets require
fewer rolling and finishing steps and involve lower deformation energy. In addition, billet production
generally relies on a higher share of continuously cast semi-finished products with fewer
intermediate treatments, resulting in lower labour, maintenance, and auxiliary material
requirements.

As with slabs, the EAF route remains more expensive than BF-BOF, but the cost gap narrows for
billets (approximately 75 €/t difference in the EU, versus over 225 €/t for slabs).

For EU EAF billets, scrap and electricity again dominate, but their shares shift slightly (scrap
contributes about 58%, while electricity represents roughly 22% of total costs). The relative
importance of ferroalloys (=5%) is notably higher for billets than for slabs. In the EU BF-BOF billet
route, iron ore-based inputs (sinter fines, coking coal, and coke) make up most costs, exceeding
50% combined. As with slabs, BF and BOF gas credits substantially reduce total costs (about 15%
offset), and energy and labour represent modest shares (around 5-6% each).

Outside the EU, EAF billet costs remain heavily dependent on scrap (=55%) and electricity (=8%),
though labour and “other costs” have slightly higher shares than in EU operations. The extra-EU BF-
BOF route shows a structure like that of slabs, with coking coal and sinter fines dominating (=56%
combined) and gas credits reducing the net cost impact.

CAPEX remains below 19% across all cases for billets, slightly lower than in slab production, while
environmental costs are negligible, with no CO> charges applied to either EU or extra-EU production
under the current assumptions.
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Table 6: Breakdown of Steel Slab Production Costs by Technological Route (EAF vs. BF-BOF) and Region (EU vs.
Extra-EU).

Production Cost (€/ t slab) Production Cost (%)
EU Extra-EU EU Extra-EU

BF- BF- BF- BF-
EAF BOF EAF BOF | EAF BOF | EAF BOF

Capital Expenditure 8,30 10,27 4,63 6,92
Sustaining capital 8,30 10,27 463 6,92 1% 2% 1% 1%

757,4 523,8

Operational Expenditure 2 506,89 6 477,34
Sinter fines 0,00 66,74 155 114,33 0% 12% 0% 24%
Pellet feed 0,00 1474| 1301 1847 0% 3% | 2% 4%
3rd party pellet 0,00 75,18| 26,81 27,39 0% 14% 5% 6%
3rd party sinter 0,00 0,00 0,00 0,05 0% 0% 0% 0%
Coking coal 0,00 107,25 4,17 149,23 0% 20% 1% 31%
Injection coal 1,73 40,36 405 41,38 0% 7% 1% 9%
Anthracite 0,00 7,02 0,99 9,58 0% 1% | 0% 2%
Injection Natural Gas 0,00 7,98 0,00 2,67 0% 1% 0% 1%
BF gas 0,00 5384 0,15 2327 0% 10% | 0% 5%
BOF gas 0,00 5,48 0,00 1,81 0% 1% | 0% 0%
Green H2 0,00 0,00 0,00 0,00 0% 0% | 0% 0%
Purchased electricity 152,24 15,64 | 46,93 565 | 20% 3% 99% 1%
3rd party scrap 382,87 8439| 25263 37,88| 50% 16% | 48% 8%
3rd party DRI 6560 10,63| 2587 091 9% 2% 5% 0%
3rd party pig iron 77,34 -767 | 56,66 -7,39 | 10% -1% | 11% -2%
Ferroalloys 6,53 11,01 | 1471 10,73 1% 2% 3% 2%
Aluminium 573 6,31 5,10 5,27 1% 1% 1% 1%
BF gas - credit 0,00 107,39| -0,18 -37,35 0% -20%| 0% -8%
BOF gas - credit 0,00 -13,27 0,00 -4,06 0% 2% | 0% -1%
Refractories 1266 2195 1242 16,77 2% 4% | 2% 3%
Oxygen 1509 4232 11,00 21,53 2% 8% | 2% 4%
Inert Gases 17,51 8,67 3,74 6,00 2% 2% 1% 1%
Labour 836 3068| 1465 17,22 1% 6% | 3% 4%
Other costs 1176 2501| 2961 16,01 2% 5% | 6% 3%

Internalized environmental

costs 2,04 23,00 0,01 0,29

C02 Cost 2,04 2300 0,01 0,29 0% 4% | 0% 0%
767,7 528,5 100 100

Production Cost: 7 540,16 1 484,56 %  100% %  100%

*Other costs include all the costs items with contributions to the total costs lower than 3%



Table 7: Breakdown of Steel Billet Production Costs by Technological Route (EAF vs. BF-BOF) and Region (EU

vs. Extra-EU).

Production Cost (€/ t billet)

Production Cost (%)

EU Extra-EU EU Extra-EU
BF- BF- BF- BF-
EAF BOF EAF BOF | EAF BOF | EAF BOF
Capital Expenditure 2,46 6,90 3,06 6,37
Sustaining capital 2,46 6,90 3,06 6,37 0% 1% 1% 1%
662,3 533,1
Operational Expenditure 4 583,87 6 518,30
Sinter fines 0,00 121,53 0,60 13581 0% 21% | 0% 26%
Pellet feed 0,00 0,00 3,53 28,86 0% 0% 1% 6%
3rd party pellet 3,12 4327| 5483 1522 0% 7% | 10% 3%
3rd party sinter 0,00 5,52 0,00 0,45 0% 1% 0% 0%
Coking coal 0,00 74,09 2,84 156,22 0% 13% 1% 30%
3rd party coke 0,00 60,23 0,00 28,02 0% 10% | 0% 5%
Injection coal 3,16 24,29 475 42776 0% 4% 1% 8%
Anthracite 0,00 13,49 024 12,01 0% 2% | 0% 2%
Injection Natural Gas 0,00 14,09 0,00 0,61 0% 2% 0% 0%
BF gas 0,00 64,34 0,08 1946 0% 11% | 0% 4%
BOF gas 0,00 4,57 0,00 1,83 0% 1%| 0% 0%
Green H2 0,00 0,00 0,00 0,00 0% 0% | 0% 0%
Purchased electricity 147,52 17,63 | 45,07 8,57 | 22% 3% 8% 2%
3rd party scrap 38492 9326| 296,06 3521 | 58% 16% | 55% 7%
3rd party DRI 5,31 5,80 4,19 1,75 1% 1% 1% 0%
3rd party pig iron 1,67 -8,58 | 21,27 -7,36 0% -1% | 4% -1%
Ferroalloys 30,15 32,12| 2891 10,70 5% 5% 5% 2%
Aluminium 3,00 4,66 2,39 4,87 0% 1% | 0% 1%
BF gas - credit 0,00 -8534| -011 -26,99 0% -14%| 0% -5%
BOF gas - credit 0,00 -8,69 0,00 -3,03 0% -1% | 0% -1%
Refractories 897 2194| 1140 1482 1% 4% | 2% 3%
Oxygen 1263 31,20 893 1822 2% 5% | 2% 3%
Inert Gases 13,22 5,52 3,37 5,56 2% 1% 1% 1%
Labour 1613 37,19| 1480 1973 2% 6% | 3% 4%
Other costs 32,54 11,76 30,02 -5,01 5% 2% | 6% -1%
Internalized environmental
costs 0,00 0,00 0,62 0,00
C02 Cost 0,00 0,00 0,62 0,00 0% 0% | 0% 0%
664,8 536,8 100 100
Production Cost 0 590,77 5 524,66 %  100% %  100%

*Other costs includes all the costs items with contributions to the total costs lower than 3%




5 Conclusions and limitations

The Life Cycle Cost (LCC) analysis provides a comprehensive assessment of the economic
performance of five representative steel products available on the European market. The results
highlight substantial variations both in the environmental LCC and in the full environmental LCC
across product types, technological routes, and production regions.

Overall, Electric Arc Furnace (EAF)-based routes consistently demonstrate higher financial cost and
lower environmental costs compared with Blast Furnace-Basic Oxygen Furnace (BF-BOF) routes,
confirming their relative efficiency and environmental advantage.

Hot Rolled Coil (HRC) emerges as the most cost-effective product, while Cold Rolled Coil Galvanized
(CRCG) and Stainless Steel (SS) show the highest total costs.

Operational expenditures (OPEX), particularly raw material costs, dominate the overall life cycle cost
structure, while capital expenditures (CAPEX), transport, and internalized environmental costs
remain marginal. Environmental costs account for 9% to 35% of the total feLCC, largely attributed
to greenhouse gas (GHG) emissions during production.

Regional comparisons indicate that extra-EU production remains less costly than EU production for
all product types, even when accounting for transport to the EU market. However, EU production
exhibits systematically lower environmental costs, reflecting differences in energy mix and process
efficiency.

It should be noted that there were data limitations for electrical steel sheet and stainless steel, as
these products were not included in the CRU database used for the other three products.
Consequently, their cost structures relied on supplementary and proxy data, which may introduce
higher uncertainty in the corresponding LCC results.

In addition, for all products it was necessary to align the Bill of Materials (BOM) used in the LCA
with the cost items included in the CRU database, which was originally developed for other
analytical purposes. While this matching ensured consistency between the LCA and LCC
assessments, some inconsistencies may persist due to differences in data scope and level of detail,
potentially affecting the precision of the results.

Finally, it should also be considered that the CRU database does not cover all production facilities
worldwide. Therefore, the results may be subject to under- or overestimation depending on the
representativeness of the available data and regional coverage.

Despite these limitations, the findings provide robust and consistent insights into the economic and
environmental performance of key steel products. They constitute a solid evidence base for Task 4
(Environment and Economics) under the ESPR framework by informing the evaluation of eco-design
requirements and the assessment of economic—-environmental trade-offs in the European steel
sector.
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